Although globalization can contribute to increased blood pressure by spreading unhealthy behaviors, it also provides powerful means to tackle hypertension. The dissemination of information about and advice on cardiovascular prevention and facilitated contact with health services are valuable resources. To investigate the effects of urbanization, geographical area, and air temperature on hypertension burden and kidney damage, a survey was performed in 2008 with a door-to-door approach among urban and rural adult dwellers of three geographic areas (capital, inland, coast) of Yemen. Subjects (n ¼ 10 242) received two visits several days apart to confirm the diagnosis of hypertension. Proteinuria (dipstick test X þ 1) was used as a marker of kidney damage. Prevalence rates were weighted to represent the Yemen population aged 15-69 years in 2008. Rates of hypertension and proteinuria progressively increased from the capital (6.4%; 95% confidence level (CI) 5.8-7.0 and 5.1%; 4.4-5.9, respectively), to inland areas (7.9%; 7.0-8.7 and 6.1%; 5.1-7.1), to the coastal area (10.1%; 8.9-11.4 and 8.9%; 7.3-10.4). When compared with urban dwellers, rural dwellers had similar hypertension prevalence (adjusted odds ratios (ORs) 1.03; 95% CI 0.91-1.17) but higher proteinuria rates (adjusted ORs 1.55; 1.31-1.85). Overall, home temperature was associated with a lower hypertension rate (adjusted OR 0.98;. This large population study reveals that the highest burden of hypertension and kidney damage is detectable in remote areas of the country.
INTRODUCTION
Globalization can contribute to increased prevalence of high blood pressure (BP) by spreading unhealthy lifestyle and dietary habits to developing countries. [1] [2] [3] However, globalization may also offer favorable opportunities to countries with fewer resources by improving the dissemination of knowledge and achieving a high level education as well as increasing contact with health services. [4] [5] [6] The effects of globalization are generally more evident in urban areas. However, the effect of geographical area might also be relevant in developing countries. In Yemen, a country characterized by a highly traditional lifestyle, the capital, Sana'a, is located at an altitude of 2300 m (7500 ft) in the highlands, one of the highest capital cities in the world. The absence of railways and the poor road transportation system make communications with the coastal plains difficult. Thus, the rural area surrounding Sana'a might differ from rural areas of remote regions of the country. Information regarding prevalence, awareness, treatment and control rates of hypertension in Yemen is limited to the capital area. [7] [8] [9] The possibility of extending those data at a national level might lead to biased results because sociocultural and environmental factors and traditional or religious habits may influence the final development of biological risk factors. Therefore, further epidemiological studies are needed. Finally, although a negative correlation between BP reading values and environmental temperature was consistently reported, [10] [11] [12] the potential effect of temperature on hypertension burden estimation in epidemiological surveys performed with a door to door approach has not been investigated.
The country was thus stratified into three different geographic areas, and the prevalence of hypertension was estimated on the basis of two visits as recommended by current clinical guidelines. 13, 14 
METHODS

Study sites and study population
A multi-stage stratified sampling method was used. In the first stage, the country was stratified into three regions: the capital area, the inland area and the coastal area. The governorate of Sana'a (capital area), the governorate of Taizz (inland), and the governorates of Al Hudaydah and Hadramaut (coast) were selected to be representative of the geographic, economic and climatic characteristics of the three regions. In the second stage, rural and city regions were identified from each study area. In the third stage, districts were arbitrarily identified within each urban and rural region, and boundaries were defined using local maps or in consultation with the local health workers. The total number of districts within each study area (20 in the capital area, 12 in the inland area and 8 in the coastal area) was proportional to the estimated population size of the area. In the final stage, because of the lack of a national population register, 15 a cluster of 250 adult participants, equally stratified by gender and age (15-24, 25-34, 35-44 , 45-54 and 55-69 years) to a total of 10 strata, was made for each district. All male and female subjects aged 15-69 years who were permanent residents in the study areas, with the exception of pregnant women, were eligible. All study personnel successfully completed the specific 1-week training program and pilot testing in Sana'a (December 2007). 16 The study was approved by the ethical committee of the University of Science and Technology, Sana'a, Yemen. Informed consent was obtained from each participant before data collection.
Data collection
The burden of hypertension on the population was assessed by taking BP measurements in triplicate on two home visits, separated by a few days as previously reported. 17 During the first visit (visit 1), three measurements of BP and pulse rate were taken 2-min apart on the dominant arm after a rest of at least 15 min, with subjects in a seated position. 13, 18 Readings were obtained with a clinically validated semiautomatic sphygmomanometer (HEM 705 IT; Omron Matsusaka, Mie, Japan). The averages of the last two readings for systolic and diastolic BP were defined as SBP1 and DBP1, respectively. Anthropometric measurements (weight, height, and waist and hip circumference) were taken. 17 Then, finger prick blood samples were obtained from fasting (48 h) subjects aged X15 years to measure fasting glucose (FG1) (Accutrend system, Roche Diagnostics, Mannheim, Germany), cholesterol and triglyceride blood values (MultiCare-in, Biochemical System International, Arezzo, Italy) using dry chemistry. 19 A urine sample was collected and a dipstick test (Auction sticks, A Menarini Diagnostics, Florence, Italy) 17 was immediately performed. The results were determined by careful visual comparison of the test strip with a color chart provided on the bottle label. All subjects were then visited again within the next 10 days by the same survey team using the same measurement devices and procedures for a second session of BP (SBP2 and DBP2) and fasting glucose (FG2) measurements. Air temperature was measured at the homes of the participants during the two visits using digital thermometers (Checktemp, Hanna Instruments, Padova, Italy) (accuracy: ±0.3 1C; range À20 to 90 1C).
Diagnostic criteria and definition of variables
Outcome variables included hypertension, awareness, treatment and control. Arterial hypertension was defined as (1) SBP1 and SBP2X140 mm Hg and/or DBP1 and DBP2X90 mm Hg and/or (2) self-reported use of antihypertensive drugs at the time of the interview. 13 Average SBP and DBP values measured at the two visits were categorized according to the guidelines of the European Society of Hypertension/European Society of Cardiology (ESH/ESC). 13 Awareness of hypertension was defined as self-report of any prior diagnosis of hypertension by a health-care professional among the population defined as having hypertension. Hypertension treatment was defined as a self-reported use of antihypertensive drugs within the 2 weeks preceding the interview. A prevalence estimate of treatment was relative to the number of hypertensive patients. Hypertension control was defined as SBP1 and SBP2o140 mm Hg and DBP1 and DBP2o90 mm Hg. The proportion of hypertension control was relative to the number of hypertensive patients treated with drugs. 20 Covariates included gender, age in decades, living area (rural/urban), geographical area (capital, inland, coast), air temperature measured at home (average of the two visits) and education level. The model was also adjusted for potential confounders including comorbidities (diabetes mellitus (DM), overweight or obesity, high cholesterol and high triglycerides) and behavioral factors (sedentary lifestyle, smoking, fruit and vegetable consumption). DM was defined as (1) FG1 and FG2 X7.0 mmol l À1 and/or (2) self-reported use of hypoglycemic medications at the time of the interview; impaired FG as FGX5.6 mmol l À1 and o7.0 mmol l À1 in the absence of hypoglycemic medications; and normal FG as FG1 and FG2 o5.6 mmol l. 21 The results of dipstick urinalysis were recorded as follows: (1) urinary proteins: negative (0), trace ( ± ) or proteinuria (X1 þ ). The reliability of the measurements performed by visual inspection of strips was previously assessed. 22 Overweight and obesity were defined as a body mass index of 25.0-29.9 kg m -2 and X30 kg m -2 , respectively. Gender-specific tertiles for body mass index were calculated using data from adult subjects without hypertension, normal FG, cholesterol o5.0 mmol l À1 and triglycerides o1.7 mmol l À1 . The resulting cutoffs were 20.0 and 23.2 kg m -2 for men and 20.5 and 24.3 kg m -2 for women. Abdominal obesity was defined as waist circumference 4102 cm in men or 488 cm in women. Subjects were classified as having high cholesterol (45.0 mmol l À1 ) or high triglycerides (41.7 mmol l À1 ). 13 A smoker was defined as one who smoked any form of tobacco on a daily (daily smoker) or a non-daily (occasional smoker) basis. Those who had smoked but had quit were designated as former smokers, and those who had never smoked at all were designated as non-smokers. Fruit and vegetable consumption was classified as (1) p1 day per week; (2) 2-4 days per week; (3) X5 days per week. Participants were categorized as sedentary if they walked or cycled for o10 min daily, if their job did not involve intense physical activity, and if they did not regularly participate in sports or recreational physical activities.
Statistical methods
Description and validation of the database can be found elsewhere. 16 Data are expressed as means ± s.d. with 95% confidence level (CI) for continuous variables and as rates with 95% CI for categorical variables. A sample size of at least 1117 subjects was required to achieve a 1% precision at an estimated prevalence of DM of 3% with 95% CI. The estimated required sample size for two-sample comparison of diabetes prevalence of 2.25% vs. 3.75% with the assumption of 0.05 alpha (two-sided), 80% power, was 2161 subjects for each group. 23 Directly age-standardized prevalence rates for the age ranges 15-69 years and 35-69 years in the overall population were calculated using the WHO World Standard Population. 24 Where unspecified, all calculations presented were weighted to represent the total Yemen populations aged between 15 and 69 years. Weights were calculated on the basis of data from the 2008 estimated Yemen population census. 15 Using gender-specific population figures for Yemen, directly age-standardized prevalence rates were calculated for men and women, urban or rural locations, and the three geographic areas. 15, 23 The rate of hypertension awareness and treatment was calculated on the subpopulation of hypertensive patients, and hypertension control was considered among the subgroup of treated subjects. As no national data were available for these two sub-populations for the purpose of weighting, we did not weigh the data at this stage of analysis.
Associations between variables and the prevalence of hypertension were preliminarily explored with univariate logistic regression analysis, and the diagnosis of hypertension was entered as a dependent dichotomous variable. Associations were then investigated with multivariate logistic regression analysis using three different models (independent variables included as a block with forced entry): (a) adjusted for age, gender, urban or rural location, geographical area (capital, inland, coast) and level of education (illiterate, can read and write, primary school, secondary school, high school, college or postgraduate); (b) adjusted for age, gender, urban or rural location, geographical area (capital, inland, coast), level of education (illiterate, primary or secondary school, high school or more), and average air temperature at the two survey visits; (c) adjusted for age, gender, urban or rural location, geographical area (capital, inland, coast), level of education (illiterate, can read and write, primary school, secondary school, high school, college or postgraduate), average air temperature at the two survey visits, self-reported sedentary lifestyle (vs. active), smoking habits (never, past, occasional, daily), vegetable and fruit consumption (categories), obesity (body mass index tertiles), blood glucose categories, high cholesterol and high triglycerides.
Associations were investigated among all participants (for hypertension diagnosis and the self-report of having BP measured at least one time during the previous year), among the subgroup of subjects with hypertension diagnosis (for hypertension awareness and pharmacologic treatment), and among the subgroup of 528 hypertensive subjects treated with antihypertensive drugs (for BP control).
Results are expressed as odds ratio (OR) with 95% confidence limits (95% CI). The test of the hypothesis was performed at a two-sided significance level of 0.05. The Statistical Package for the Social Sciences software (SPSS, Chicago, IL, USA), version 19.0, was used for statistical analyses.
RESULTS
Characteristics of cohort participants
The main characteristics of the 10 242 study participants (5063 men and 5179 women) are reported in Table 1 . Age-specific and ageweighted SBP and DBP values in HYDY (hypertension and diabetes in Yemen) study participants are reported in Supplementary Table 1S . The average number of years spent in school was 9.4 (95% CI 9.1-9.6) for men and 6.1 (5. 
Risk factor prevalence
The age-specific rates of hypertension, awareness, treatment and control are reported in Supplementary Table 2S . Overall, 1307 participants fulfilled the criteria for hypertension, with an age-weighted (15-69 years) prevalence of 7.7% (95% CI 7.2-8.1; Table 2 ). In crude analysis, the odds of being hypertensive in women were 1.2 (95% CI 1.4-1.9) times that of men. This significance of this association was lost after adjusting for education level and other confounders (Figure 1 ). The capital area had the lowest prevalence of hypertension (Table 2) . Differences between geographic areas were independent of urban/rural residency, demographic characteristics, air temperature, health behavior, risk factors and associated clinical conditions at logistic regression analysis ( Figure 1 , Table 3 ). Air temperature (although significant) limited only the effect on hypertension prevalence estimation (B coefficient À0.020±0.010; Table 3 ). When considering only the 1303 subjects with hypertension, selfreported BP measurement, hypertension awareness drug treatment and BP control were also favorably affected by living in the capital area ( Table 3 ). The use of traditional medicine for high BP (selfreported by 74 subjects, 59 with a final diagnosis of hypertension; Supplementary Table 3S) was independent of gender, decades of age, urban/rural setting, and level of education, being more prevalent in the coastal area than in the capital area (adjusted OR 2.5; 1.5-4.3). The prevalence of diabetes was 2.9% (2.5-3.3) in men and 3.4% (3.0-3.9) in women ( Table 1) . Unlike hypertension, diabetes and abdominal obesity were less prevalent in the rural settings than in the urban setting, with no differences between the three geographic areas (Table 4) . Overall, 51 of the 538 subjects with diabetes self-reported the use of traditional medicine for DM, and its use was more prevalent in the coastal area than in the capital area (adjusted OR 2.90; 1.52-5.53). Proteinuria (dipstick test X þ 1) had an estimated prevalence of 6.2% (5.6-6.8) and was more prevalent among rural (7.3%; 95% CI 6.4-8.1) than among urban dwellers (5.1%; 4.4-5.9) and more prevalent among those living inland (6.1%; 5.1-7.1) and on the coast (8.9%; 7.3-10.4) than among those the capital area (5.1%; 4.4-5.9; Table 4 ).
DISCUSSION
According to the present data, hypertension prevalence in Yemeni women is not affected by urbanization, although the hypertension rate increases with increasing remoteness; environmental temperature at the visit session may influence the assessment of hypertension prevalence in population studies.
In Yemen, the prevalence of hypertension is low, probably because the country is behind with regard to the epidemiological transition currently occurring in other countries in the area. The hypertension rates we observed in the capital area are comparable to rates reported in two small surveys investigating self-reported hypertension 8 or hypertension diagnosed in the office. 9 According to current findings, hypertension prevalence, in Yemen as in Iran, 25 is not affected by urban or rural residency. The strong adherence to a traditional lifestyle could have a favorable role in hypertension prevalence, as alcohol is prohibited in countries such as Yemen and Iran. 25, 26 One of the most important HYDY findings was regional variation in hypertension prevalence. Hypertension rates are higher in the coastal area than in the capital area. The contribution of wellestablished risk factors for hypertension, such as age, weight, physical inactivity, diabetes and obesity, was assessed in the HYDY survey. Unlike hypertension, DM and abdominal obesity were more prevalent among urban than among rural residents and did not differ between the geographical areas. The prevalence of diabetes is higher in the middle crescent area than in the Western Regions. 2 We can hypothesize that improved nutrition may reveal a genetic predisposition to diabetes. The contributions of salt consumption and urinary sodium excretion, which are difficult to measure in population studies, were not assessed in the present survey.
Regional variations in rates of hypertension were associated with changing rates of awareness, treatment and control. In Yemen, the rate of health services coverage for the population is indeed limited, and long distances are important obstacles to using health facilities. When moving from remote areas of the country to the capital, the selfreporting of having BP measured in the last year, hypertension awareness, drug treatment, and the possibility of achieving BP control markedly increased. The improved access to health-care facilities and increased level of education, two factors that are also associated with urbanization, seem to have positive effects on hypertension burden, especially in women. Hypertension prevalence is higher in women than in men at unadjusted logistic regression. However, when controlling for sociodemographic and environmental factors, women are as likely as men to be hypertensive, aware of their condition and treated. Furthermore, more women than men had their BP measured frequently in the last year and achieved better BP control.
Geographical variations in hypertension burden were also associated with differences in the prevalence of proteinuria, which was higher among rural than urban residents (the highest rates being found in remote areas of the country). The coastal area of Yemen is remote, sparsely populated, hot and humid and is an area with limited resources. Although the reason for the higher prevalence of proteinuria in the coastal than in the capital area requires further investigation, we must consider that poststreptococcal glomerulonephritis continues to have a high incidence in tropical climates where skin infections are common. Serious implications might thus exist for future demand for dialysis in Yemen.
A negative correlation between temperature and BP was reported. [10] [11] [12] [27] [28] [29] However, although the possibility of a higher prevalence of hypertension during winter compared with summer was recently reported, 29, 30 no population study specifically investigated the possible bias introduced by environmental temperature on hypertension burden assessment in large surveys. The varied Yemen topography corresponds to widespread climate changes, with a temperate climate in the highlands and high temperatures in the coastal region. According to the present data, air temperature was negatively associated with a prevalence of hypertension. Notwithstanding this statistically evident interaction, geographic distribution of hypertension burden follows an opposite direction than average air temperature measured during home visits, as hypertension prevalence is higher in the coast than in the highlands. Air temperature may thus only modulate the contribution of other factors, with a limited although significant final effect.
In conclusion, in Yemen, a country characterized by a highly traditional lifestyle, hypertension burden is favorably affected by urbanization and by living in the capital area. The rates of hypertension prevalence and proteinuria are observed to increase with geographical remoteness. Thus, the capital area cannot be considered representative of the country. 
